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.PROCESS FOR PRODUCING PET ARTICLES 
WITH LOW ACET&LDEEYDE 

This application is based upon and claims the 
priority of provisional application 60/028, €2S filed 
October 28 , 1996. 

Backgrou nd of the Invention 

Polyesters are widely used in the manufacture of 
fibers, molded objects, films, sheeting, food trays, ae 
well as food and beverage containers. These polymers are 
generally made by batch or continuous melt phase 
polycondensation reactions well known in the art. The 
polymers are then pell-tired and used in various 
extrusion or molding operations. In certain 
applications where higher molecular weight polymers are 
required, the pellets are subjected to "solid state" 
polycondensation conditions in which the inherent 
viscosity (I.v.) valve is significantly increased. Such 
solid state polycondensation reactions are used for two 
reasons. Fivnt, because the melc viscosity of polyester 
polymers is quite high for polymers having I.V. values 
greater than about 0.6, solid stating provides a 
convenient means to handle the polymer. Secondly, the 
solid stating proc*£.„ provides conditions conducive to 
removing unwanted volatile impurities such as 
acetaldfihyde which L 9 important in certain applications. 
Also, polyesters are well known to be degraded by small 
amounts of moisture when they are melt processed in 
conventional equipment. Consequently, polyesters are 
usually carefully dried to very low moisture levels in a 
drier prior to melt processing. The drying process may 
also remove sotne objectional volatile materials other 
than water. 
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During the preparation or processing of polyesters 
such as poly (ethylene terephthalate) (PET) certain 
byproducts are formed in the melt phase. One such 
byproduct is acet aldehyde, and its presence in molded 
objects such as food containers, beverage bottles, water 
bottles, and the like is quite deleterious from a taste 
standpoint. Particularly for sensitive beverages such 
as cola, beer, and water, it is highly desirable to 
produce container preforms for blow molding processes 
having less than about 10 ppm of acetaldehyde. 
Achieving this low level of acetaldehyde is difficult, 
however, because, as is well known to practitioners of 
the art, acetaldehyde is continually formed as a 
byproduct during the polymerization and subsequent melt 
processing of PET and similar polymers. 

Before the discovery of the present invention, 
therefore, a. four-stage process has been universally 
practiced to provide polyester polymers suitable for 
uses , in which it is. important to minimize the presence 

a process typically involves the 
preparation of a relatively low molecular weight 

* 4 

precursor polymer, having an I.V. value of about 0.3- 
0.6, by melt-phase polymerization techniques that are 
well known in the art . The acetaldehyde content of such 
a precursor may range from about 30 ppm to over 150 ppm, 
depending on the reaction conditions chosen. This 
precursor is then cooled, shaped into pellets, 
crystallized, and subjected to further solid-state 
polymerization at a lower temperature. Typically, a gas 
is used to scrip gly=ols, acetaldehyde, and other 
reaction byproducts from the pellets so that at the end 
of the solid-state process, the I.V. value has been 

S * mm 

increased to about .Q. 75 or more, and the acetaldehyde 
content has been reduced to below about l pp m or less. 
., After solid stating, polyesters are commonly 
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handled and stored in ambient air from which it absorbs 
moisture. ■< Thus, ae a third step, the polymer is usually 
dried immediately prior to reheating, melting and 
forming into a useful shape, such as a beverage bottle 
preform. The processing typically causes a small 
decrease in the I.V. of the polymer and an increase in 
acetaldehyde content of from less than 1 ppm in the 
pellets, to up to about 8 or 10 ppm or more in the 
shaped article. This dramatic increase in acetaldehyde 
occurs despite the fact that the molding process takes 
typically lese than one or two minutes to complete. 

U.S. Patent Nos . U.S. S, 266,413, U.S. 5,258,233 and 

U.S. 4,8837,115 disclose various polyamides which are 
useful in reducing the acetaldehyde levels in PET. U.S. 
Application Serial No. 595,460, filed February 5, 1996 
discloses novel polyeeteramide compositions which reduce 
the levels of acetaldehyde in PET. 

Japan Patent Application Sho 62-182065 (1987) 
discloses blending nylon 6 and other aliphatic 
polyamides into PET to reduce the acetaldehyde levels 
below lOppra when residence times in the melt are kept 
below 60 seconds. 

Several other compounds have also been disclosed to 
be useful in reducing acetaldehyde. These include 
2S ethylenediaminetetraacetic acid (U.S. 4,357,461), 
alkoxylated polyol (U.S. 5,250,333), bis(4-S- 
hydroxyethoxyphenyl) eulfone (U.S. 4,330,661), 2eolite 
compounds (U.fl 5,104,965), S-hydroxyieophthalic acid 
(U.S. 4 . 093 , 593 J , poiy ( ethylene isophthalate) 
(U.S. 4,403,090) and supercritical carbon dioxide 
(U.S. 5,049.647 and U.S. 4,764.323) and pro tonic acid 
catalysts (U.S. 4,447.595 and U.S. 4,424,337). 

U.S. 4,361,631 discloses that the capping of 
hydroxyl end groups of PET with anhydrides such as 
succinic or jrhthalic acid anhydride will suppress 
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acetaldehyde formation. U.S. 5,243,020 discloses 
pyromellitic dianhydride for end capping of PET. 

U.S. 4,356,299 discloses chat the use of catalysts 
based on low levels of Ti and Sb are beneficial in 
limiting the amount of acetaldehyde formed. 

U.S. 5,656,719 discloses the production of molded 
polyesters articles having low acetaldehyde via melt 
polymerization diid a post condensation reactor. The 
post condensation reactor is operated at low vacuum 
levels and significant residence times to build up 
inhei^ent viscosity . 

U.S. 5,65*, 221 discloses the production of molded 
polyesters articles having low acetaldehyde via addition 
of ar. acetaldehyde reducing additive and molding 
dir-;.Llv from melt polymerization. Cobalt compounds in 
addition to conventional polymerization catalysts are 
required in amount? £rom 5 to 120 ppm. 

Integrated processes which produce PET articles 
with low acetaldehyde but do not disclose the addition 
of acetaldehyde . reducing additives have also been 
disclosed. U.S. Application Serial No, 6 09,197 
describes a process for direct molding of polyester from 
the melt. U.S. Application Serial Wo. 498,404 discloses 
a process and apparatus for distributing molten PET to a 
Bftultiplieity ot molding machines. U.S. 5,648,032 
describes processes for making low acetaldehyde 
poly (ethylene ter«phthalat«) articles without using 
solid stated polymer. 

Several patent-? disclose the use of vented 
extruders to devolatilize polymers. U.S. 5,S97,a9i 
discloses a process for producing reduced acetaldehyde 
polyester articles by using a purge gas in a vented 
extruder to remove acetaldehyde. U.S. 5,102,594 
discloses thermoplastic condensation polymer supplied to 
extruder in powder, form to a vented extruder). U.S. 
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3,486,664 discloses using a vacuum to remove volatile 
glycol products from a remelted prepolymer as fast as 
possible. U.S. 3 ,913', 796 discloses using an extrusion 
screw for heating the solid resin to a semi-molten state 
and U.S. 4 , 060, 226 -disclose excluding oxygen by means of 
a check valve. 

Brief Description of the Drawing 

Figure 1 is a flow diagram showing several 
potential embodiments of the process of the present 

invention- 

Summary of rne Present Invention 

The present invention includes a process whereby 
low acet aldehyde polyesters such as PET and similar 
polymers may be prepared and used without need for the 
solid stating process nor the usual drying of solid 
pellets. Surprisingly the present invention is 
accomplished without the need for Co compound catalysts 
or a post condensation reactor. 

Specif ically the present invention includes a 
process for producing molded articles comprising the 
steps of: 

a) melt reacting at least one glycol and at least 
one dicaxboxylic acid to form a polyester 
having an i V. of at least about 0-5 dX/g, 
wherein said at least one glycol is selected 
from the group consisting of glycols having up 
to 10 carbon atoms and mixtures thereof and 
said dicarboxylic is selected from the group 
consisting of alkyl dicarboxylic acids having 
2 to 16 carbon atoms, aryl dicarboxylic acids 
having 8 to 16 carbon atoms and mixtures 
thereof in the presence of a catalyst which is 
substantially free from Co compounds; 
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b) adding an acetaldehyde reducing additive to 
said polyester to form a reduced acetaldehyde 
polyester? and 

c) forming said reduced acetaldehyde polyester 
into shaped articles directly from step b. 

Additionally several optional steps such as melt 
devolatilizating, pelletizing, storing, transporting, 
remelting, and drying, may be included to fit the needs 
of a specific process. If the polymer is pelletized the 
acetaldehyde reducing additive may be added prior to 
pelletization or after remelting. The shaped articles 
made from the process of the present invention display 
surprisingly low acetaldehyde content. 

Description of t he Invention 

As used herein the term "I.V." refers to the 
Inherent Viscosity of the polymer, as determined on a 
solution of 0.5 gm of polymer dissolved in 100 ml of a 
mixture of phenol (60% by volume) and tetrachloroethane 
(40% by volume) . 

The present invention provides a process to make 
shaped articles from polymers which display both high 
molecular weight and low acetaldehyde content without 
requiring the use of solid-state polymerization, solid- 
state devolatilization or a post condensation reactor. 

Specifically, a preferred embodiment of the process 
of the present, invention provides an improved w melt-to- 
mold M process in which polyester polymers or copolymers 
are prepared in the melt phase to an I.V. value of 
greater than about 0.5 dL/g; an acetaldehyde reducing 
additive is added to the polymer melt and then the melt 
is fed directly from the polycondensation reactor to at 
least one molding or shaping machine. No intervening 
post condensation or I.V. build up is required. 
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Any conventional melt polymerization process 
capable of producing the required I.V. may be used for 
the polycondensation and the reactor may comprise one or 
more reaction vessels or zones which are capable of 
producing polyester having the required I. v. 

Preferably the l.V. is at least about 0.65 dl,/g so 
the polymer directly from the melt has sufficient 
molecular weight to provide high performance molded 
articles such as containers, in the present invention, 
the desired l.V. is generated in the polycondensation 
reaction and no post condensation reactor is necessary. 

Generally the melt polymerization is conducted 
under conditions which are known in the art, however, 
for the present invention Co compounds are not added. 

The AA reducing additive may be any additive known 
to reduce AA. Suitable additives include polyamides 
such as those disclosed in U.S. Patent Noe. 

U.S. 5,266,413, U.S. 5,258.233 and U.S. .4, 8837,115, 

such as those disclosed in 

No. 595,460, filed February 5, 
1996; nylon-6 and other aliphatic polyamides such as 
those disclosed in Japan Patent Application Sho 62- 
182065 (1987}; ethylenediaminetetraacetic acid 
(U.£. 4.357,461), alkoxylated polyols (U.S. S, 250, 333), 
bis(4-B>hydi:o3cyethoxvphenyl)sulfone (U.S. 4,330,661), 
zeolite compounds (D.S. 5,104,965). 5-hydroxyisophthalic 
acid (U.S. 4,093,59j«, poly (ethylene iaophthalate) 
(U.S. 4,403.090), supercritical carbon dioxide 
(U.S. 5,049.647 and U.S. 4,764,323) and pro tonic acid 
catalysts (U.S.. 4,447. S9S and U.S. 4.424,337). 
Preferably the AA reducing additive is selected from 
polyamides, polyesteramides and poly (ethylene 
ieophthalate) . Suitable polyamides include homo and 
copolyaraides with A£ or AjB, structures such as 
poly(caprolactam; , poly(hexamethylene-adipamide) , 
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poly(m-xylylene-adipamide), etc. Branched or 

polyamidee can also be used. 

Suitable poyeeteramidee include the polyesteramides 
prepared from terephthalic acid, 1,4-cyclohexane- 
dimethanol, isophthalic acid and hexamechylene diamine 
(preferably with about SO: 50 ratio of the diacids and a 
50:50 ratio of the glycol to the diamine); the 
polyesteraraide prepared from terephthalic acid, 
1,4-cyclohexanedimethanol, adipic acid and hexamethylene 
diamine; the pclyesteramides prepared from terephthalic 
acid, 1,4-cyl-ohexanediniethanol and bie (p- amino - 
cylcohexy) methane. Other known scavengers such as 
polyethyleneiffJrie may aleo be used. 

The AA reducing additive is generally added in an 
amount between abouc 0.1 and 5 weight %. More 
preferably between about 0.2 and 3 weight % additive is 
added, it should be understood that the additive may be 
added individually or as a concentrate in a compatible 
polymer base resin. 

Devoleti.Uza.rion of the polymer may also be used in 
conjunction with the AA reducing additive to further 
remove acetaldehyde and other undesirable volatiles 
which are generated. The devolatilization step may be 
conducted in a separate devolatilization unit 
concurrently in the polyccndensation reactor, 'or 
concurrently in melding machine. 

The devolatilization device can be any apparatus 
known i„ the art for generating a large amount of 
surface area per unit volume aad\or for rapidly 
regenerating the exposed melt surface. The 
devolatilization device should subject the liquid 
surface to a low partial pressure of acetaldehyde either 
by inert gas purging,, as described in U.S. 5 ,S9? 891 
applied va-^un, or both. The devolatilization apparatus 
may be a venred single-screw extruder (U.S. 4 . 107 787) 
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a vented twin-sere* extruder (o.S. 3,619,145), a 
rotating disk processor (U.S. 4,362,852), or device 
which generates thin strands of polymer 
(U.S. 3.044,993), all of which are incorporated herein 
by reference. The devolatilization step of the present 
invention is conducted at pressures which are greater 
than about 7im Ha? and preferably less than or near 
atmospheric pressures. Residence times should be short 
enough to insure that substantial increases in I.V. are 
not encountered. Per the purposes of this invention a 
substantial increase in I.V. is an increase greater than 
about O.ldl/g, preferably greater than about 0.05 dl/g 
and more preferably greater than about 0.03 dl/g. 

Several additional optional steps may also be added 
to the process of the present invention. These steps 
include, melt dev. Utilization, pelletizing, storage and 
transportation, remtlting and drying. It should be 
appreciated that ti«. optional steps may be used alone 
(i.e. devolatiliza-.ior.) or in combination with each 
other (pellecizinc? and remelting, or storage, 
transportation and remelting, etc.). Suitable 
combinations of the optional steps are well known in the 
art and need.net bef individually detailed here. 

Figure i illustrates many possible combinations of 
the operations in going from a high molecular weight 
melt phase polymer to molded articles. A preferred 
combination of operations is illustrated in Figure i as 
the Path G and .would be to prepare the polymer in the 
melt to the desired I.V., add the additives and form the 
improved poller melt into useful shaped articles, such 
as for example beverage bottle preforms, said shaped 
articles having surprisingly low acetaldehyde content . 

A second combj ration of operations illustrated in 
Figure 1 as Path N would be to prepare the polymer in 
the melt. to the desired I.v., devolatilize the melt to 
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lower the acetaldehyde somewhat and add the aa reducing 
additive to further reduce the acetaldehyde and then 
form the improved polymer melt into useful shaped 
articles. The other paths illustrated in Figure i show 
other combinations of operations all of which lead to 
the desired end of having formed articles containing 
desirably low acet aldehyde levels starting from melt- 
phase, high molecular weight polymer and without having 
to solid-state polymerize the polymer. Not only does the 
process of the present invention avoid the costly 
additional steps of the conventional process of solid- 
state polymerisation, but the shaped articles produced 
thereby possess both low AA content and other superior 
properties such as, tor example, lees loss of molecular 
weight due to breakdown, and freedom from defects known 
as "bubbles" and "unmelts" which are sometimes formed 
during the molding of solid stated materials from the 
conventional process. 

The molding or shaping device may be any of those 
generally known in the art. For example, injection 
molds may be used to form preforms used to blow bottles, 
food/beverage containers, trays, or other desirable 
shapes Alsc the polymer melts may be used in extrusion 
blow molding operations to provide bottles, food 
containers, and the' like. The polymer melt may 
similarly be fed tV'an extruder to produce films, sheet, 
profiles, pipe and the like. 

The combinations of operations illustrated in 
Figure 1 is not intended to be limiting because it is 
obvious that other operations might be added and the 
sequence of some, operations might be changed and still 
achieve the . same ends. 

If the peptization of the polymer is desired as 
an intermed:*.te process, then one must deal with any 
moisture absorbed by the polymer. Polyesters are well 
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known by those who practice the art to be degraded by 
moisture present during conventional melt processing. 
The usual., method of removing the moisture is to 
crystallize the polymer to minimize sticking of the 
pellets to each other and then to hold it at a 
temperature high enough to remove the vaporized 
moisture, in order to have a more economical process , 
exther one or a combination of both of the following 
methods may be used to provide a molten polymer free 
from degradation by moisture. The polyester is often 
extruded into a water bath to cool it so cutters can 
chop it in to pellets. One may use a dewatering process 
immediately following the chopping to completely remove 
the surface moisture prior to transferring the polymer 
to storage. Such dewatering equipment is sold, for 
example, by Gala Industries. Inc. of Eagle Rock, 
Virginia. When the storage facility is blanketed or 
purged with a dry gas, the polymer will remain dry until 
use. Because the polymer is kept dry. there is no need 
for crystallization or drying, if the polymer is not 
kept dry so that it is amorphous and contains moisture, 
it may be fed to an extruder in which the melting zone 
is either purged with a gas or subjected to a vacuum 
As the polymer heats and begins to melt, the high vapor 
pressure of the water causes it to separate into the 
vapor space. To minimize problems caused by foaming, it 
is preferred to use a machine that removes much of the 
moisture through an ambient pressure purge of the 
melting zone followed" by a short residence time vacuun, 
devolatiliMtipn in a second zone which is isolated by 
melt dams caused by the design and operation of the 
extruder as is commonly done by those skilled in the 
polymer extrusion art .. 

During the., melt drying, some other volatile 
materials. wili be removed in addition to removing water. 
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However, because of the low levels of acet aldehyde 
desired for articles' to be used in contact with food, 
usually additional devolatilization steps or the 
additives to reduce acetaldehyde will be desired to 
S produce a' polymer melt of the desired quality. 

In some cases it may be desirable to remove part of 
the acetaldehyde by a devolatilization process as 
illustrated in Paths K-N. Acetaldehyde can be readily 
removed from the molten polymer in the extruder or gear 
10 pump equipment by purging it with a gas or by subjecting 
the melt to conditions of vacuum. Typical acetaldehyde 
levels in polymer coming from the final reactor before 
this treatment are generally in the range of about 30- 
300 ppm for polyester of I. V\«0* 4-0-65 made by any of 
15 the known processes, followed by polymer filtration to 
remove gels and particulate matter, followed by another 
pplycondensation reactor to produce high-viscosity 
polyesters of I.v.>0.68. The melt may be 
devolatili2ed, have additives mixed and used directly or 
20 it may be pelletized for later use. After the polymer is 
pelletized it. will be an amorphous material containing 
the acetaldehyde that was in the melt . After remelting 
with drying, most of that acetaldehyde will remain to be 
removed by the use of additives and further 
25 devolitalization . 

Suitable melt processing temperatures for 
poly (ethylene terephthalate) polymers will generally be 

< i 

in the range of about 260 to about 310 C C. In the cases 
where polymer is never solidified, the melt temperatures 

30 can be kept toward the lower end of the range. The 

lower temperature is well known to assist in reducing 
acetaldehyde. One advantage of the present process is 
that because the pellets of polymer are amorphous, they 
may be processed at somewhat lower temperatures than is 

35 commonly used to melt solid stated crystalline, pellets . 
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Of course, processing temperatures may be adjusted for 
other types of polyesters depending on the melting 
point, I.V. value and the like. 

The process of the present invention is less 
expensive to operate than making crystalline, solid- 
e.tated polymer, provides energy savings and lower 
capital requirements over conventional processes, and 
produces pari sons and molded objects with better 
clarity, significantly fewer or no unmelts or other 
defects and lower concentrations of undesirable 
byproducts. 

Polymers that are particularly useful in this 
process include poly (ethylene terephthalate) , 
poly (ethylene naphthalenedicarboxylate) , and 
copolyestera containing up to about 50 mole* of 
modifying dibasic acids and/or glycols. Modifying 
dibasic acids may contain from about 2 to about 4 0 
carbon atoms axd include isophthalic, adipic, glutaric, 
azelaic, sebacic, f-.anaric, dimer, cis- or trans-1,4- 
cyclobexanedicarbcxvlic, the various isomers of 
naphthaienedlcar^;rA.ic acids and the like. More 
preferably the polyesters of the present invention 
contain at least about 80 mole* terephthalic acid, 

* ■ ■ 

naphthal*nedicarbbxyl Lc acid or a mixture thereof. 

Highly usefn*. naphthalene dicarboxylic acids 
include the 2.S-, 1,4-, 1.S-, or 2,7- isomers but the 
V.2-, 1,3-, 1. 1,?-, i # b-, 2,3-, 2,4-, 2.5-, and/or 2, 8 

isomers may also be used. The dibasic acids may be 
used in acid form or as their esters such as the 
dimethyl eaters for example. 

Typical modifying glycols may contain from about 3 
to about 10 carbon atoms and include propylene glycol. 

1.3- propaiiau.to:. 1. 4 -butanediol , l,S-hexanediol, 
diethylene glycc. . i 4-cyclohexanediol, 

1.4- cyclohexanediPt; 1 ?ianol, and the like. The 
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1, 4-cyclohexanedimethanol may be in the cis or the trans 
form or as els/ trans fixtures . More preferably the 
polyesters of the present invention comprise at least 
about 80 mole' % ethylene glycol. 

Particularly preferred polyesters comprise 
terephthalic n£id and a mixture of about 60 to about 99 
mole % ethylene glycol and about 40 to about 1 mole % 
cyclohexanedimethanoi . 

Generally the polyesters produced in the first step 
of the present invention have I.Ws which are at least 
about 0,5 dL/g, more preferably at least about 0.65 dL/g 
and most preferably between about 0.65 and about 
0.85 dL/g. 

The polyesters of thi6 invention are readily 
prepared using polye condensation reaction conditions well 
known in the art. Typical polyesterif ication catalysts 
which may be used include titanium alkoxides, dibutyl 
tin dilaurate, and antimony oxide or antimony 
triacetate, used separately or in combination, 
optionally vflLh iliitc, manganese, or magnesium acetates 
or ben2oates and /or < ther such catalyst materials as are 
well known to those skilled in the art. Phosphorus 
compounds and toners as disclosed in U.S. 5,384,377 and 
U.S. 5,372,864, which is incorporated herein by 
reference may also optionally be present. Although we 
prefer to u«e continuous polycondensation reactors, 
batch reactors operated in series may also be used. 

Although we prefer to use the polyesters in this 
process in an unmodified form, other components such as 
nucleating agents, branching agents, colorants, 
pigments, filler*, antioxidants, ultraviolet light and 
heat stabilizers, impact modifiers and the like may be 
used if desi;red. 
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tetei^lnar r i^of: aC erald e hvd» ^ ^^^^ ^ 
ROXvethvIene f P 7 ffp hthalat-P. (Pt ?T) 

PET: samples were dried and extruded as described in 
the example below, and collected on dry ice to quench 
the melt. The polymer was immediately chopped into 
pellets and stored at -40«C for no longer than 2 days 
prior to AA analysis. The stored samples were ground in 
a Wiley mill to pa se a 20 mesh screen. For the analysis 
a 0.5 g sample was placed into a sample tube that was 
immediately sealed . The sample was analyzed by dynamic 
headspace gas chromatographic analysis using a Hewlett- 
Packard 58 90 Gas Chromatograph with a Perkin Elmer 
Automatic Thermal Desorptiox, ATD-50 as the injection 
system. Acetaidehyde was desorbed by heating the sample 
at 1S0°C for ten minutes. A standard PET level was 
established by grinding the extruded PET and subjecting 
it to the same test. 

« Ma 

LI.. 

I.v. .was measured by standard methods at 25°C at a 
concentration of 5 g/L in a phenol/tetrachlorethane 
solution (60/40 Vc/wt) . 



The PET used in the examples is a copolyester 
consisting of 100 mole percent of terephthalic acid. 98 
to 99 mole percent ethylene glycol and 1 to 2 mol 
percent 1. 4-cyclohexaneditnethanol, having an i.v. of 
about 0 . 74 . The pet was pelletized prior to feeding it 
to a vented twin-screw extruder. 

Simulated high AA samples were produced as follows • 
Granulated PET was placed in a container and an 
appropriate amount, of liquid acetaldehyde was added. 
The container was" sealed and the contents were allowed 
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to equilibrate at room temperature for 1 day before use 
in the additive experiments. 

The PET/ additive blends were prepared by batch-wise 
dry mixing in a bag prior to feeding into the extruder. 
The additives. where added at the level shown in Table l. 

Additive A is a high molecular weight (Mw=38,200) 
polyesteraraide prepared from terephthalic acid, 
cyclohexanedin,ethanol , and hexamethylene diamine with a 
50/50 molar ratio of the diol and diamine. 

Mfljtjve ? , is a low molecular weight (Mw=17,800) 
polyesteramide prepared from terephthalic acid, 
cyclohexanedimethanol, and hexamethylene diamine with a 
50/50 molar ratio of the diol and diamine. 

AddltilYft .a i* a polyamide prepared from adipic acid 
and m-xylyenediamine. 
Examples '-iv 

The polymer /additive compositions shown in Table 1, 
below were fed to a vented twin screw extruder in a 
metered fashion. The extruder screw RPMs were 
maintained at 30. .Zone 1 of the extruder, following the 
water-cooled feed. zone, was set to 265°C. Zones 2 and 
3, the heated extrudai vented area, were controlled at 
272. 5»c. The final zone. Zone 4, was between the vent 
and the discharge port and was kept at 260»C. For gas 
sweep examples, nitrogen preheated to 285<>C was used and 
was fed through tfte extruder vent so as to sweep over 
the polymer melt. The gas flow was controlled at 250 
seem by a mass flow controller and vented to atmospheric 
pressure through a bubble trap. The non- swept examples 
had the gas flow turned off, but were still allowed to 
vent to atmospheric pressure via the bubble trap. The 
residence time of the molten polymer in the extruder 
after venting was,?; minutes. Examples 1-12 in Table 1 
are the examples o£ this invention demonstrating the 
exceptional acet aldehyde reducing capability of the 
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various additives i» this extrusion process. For each 

of these examples.. ...the extruded polymer was formed into 
reds . 
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significartiv* iower AA levels wer* - chieved when an 
additive was used ir. combination with a nitrogen sweep. 
Residence time x nct shown) in the extruder was 
sufficient; cc ach^ve a significant increase in I.V. 
(0. 04-w.fi 9) compared to controls when using a nitrogen 
purge.. The I. At increase is due to lowering of the 
ethylene glycol pnr':ial pressure, resulting in further 
pc.lyvor 4 den3a> u?m ri.cj a higtier mol^cul^r weight of the 
polymer. 
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A piv ~h& c^?rpr3«ing the step* of 
t-a3». r-*acrJrtg f ;.n the pre«er.;c of *> catalyst 
vihl -.'* l r substantially fvr*. * r Co -expounds, 
at l^ast :>iv? glycol and Uafii- one 
l:>^r.vhc:^.-.: ;.c- ai .>.<?. to fori', h polyester having 
■■<*?* r V, 'n. -.t least about dL/g, wherein 
tii.:^ : ^st one glycol j.s selected from the 
7" >•:• conaiatitig of glycols having up to 10 
oa>7t-".r- 5t^sr--s and mixture? thereof -md said 
dlca^ccxv; it selected from the group 
wnaie-ti-'M fti>;yl dicarboxyl? c acids having 
T- ro 3C ce',-'-'on a:ome, aryl dxcavboxylic acids 
' ^0 '.6 urbon a«vms and wixcures 

><-* ' ;uo >?:; aa^c t? idtehycc vrfctAuc* tig ^dd^tive to 
&a: ; 1 o .iyweufsr i form ;j nc-taldehyde 
po yts^r -i <. . rd 
• fc-.i;'..-iiy- s^ir' reduced r<cvc^d->hy a*., po-jyastex 

a, pr^c^R f claim 1 £ •':''; hex -v. ^uiising the 

Btep ox jfevoi ' is-i;;^ said polye^er to remove 
«e«si:.aic^nv . said £om»ine crep , 

3 . Tii*. r«;r«^eec of clai?n 1 vh^jr^v* ; .-a.id 
iioi :fru,': Cv:-^ ■;- haB an I.V. ;>t at least about 

0:". /v. ^ 

4. ir ^ pr- ->f cJaim 1 wh^rfcin bd?d polyester 

Ercin frt i.i ?. har *s\ " . •'. fc_.-ween abo. t -..St ijr>d about 
O.eS .In/ ,i . 

s * • 9? n<i p;*r- : sc '.voing ~.o «lfc:ufi wherein said 

dic:urbox:y^i-: scid cu.^? is at .ibc .i; &o* mole 

(J -rhe ' r oz*<?$ oi cj.aim l wh^i-* : ..it 
Jivarboxy. : ■'• co^mlheB at lease abc.Jt 80% mole 
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?. The piocesB 6f claim 1 wherein said glycol 
comprises ae least 80 roole% ethylene glycol. 

t The process of claim 1 wherein said glycol is a 
mixture of '.ethylene glycol and cyclohexanedimethanol , 

9. The process of claim 1 wherein said 
acetaldehyde re^uciv^ additive is selected from the 
group consisting of t^lyamides, polyesteramides nylon- 
6, aliphatic polysir^-ss, ethylenediaminetetraacetic 
ac5.d, alk. xy ,Ur.e?f poJ/ols, bis(4-fi- 

hydroxycthoxy phenyl >*ulfone, zeolite compounds, 
5 hydvc:;yisoph .halic v .acid, poly (ethylene isophthalate) , 
supercrr. ical jarbpi dioxide, protonic acid catalysts 
and mixtures thereof. 

10. The ^roces? °* claim 1 wherein said ■ 
acetaldehyde reducing additive is selected from the 
group consisting of polyamides, polyesteramides and 
poly (ethylene isophtrlUate) . 

11. pre cess of claim 10 wherein said 
polyaaid**.*.-: selected from the group consisting of 
i-omo fenu copt. .vamide.? with AB or AjBj structures. 

12. Tiifc proce.^ of claim 11 wherein said 
poiyamides are aa^Jsci^d from the group consisting of 
polyicaproiactat"' , p ply (hexamethylene-adipamide) , 
pc.ly<m-xvlylene-adipimide) and mixtures thereof . 

* t * 

li, The pr* te*r of claim 11 wherein ©aid 
poiyee ceramics selected from the group consisting 
of jiolv&£hylen*4 > «iija. poy^steramidee prepared from 
tertpitthalic & rid7Vl,4-oyclohe3tanedimetbanol. 
isophthalic at ici and hexamethyleoe diamine; the 
polyftfeteraaid'; prepared from terephthalic acid, 
l,4-cyc].ohexanfe-.«i.me : ti^inol, adipic acid and hexamethylene 
diamine; the pol yef'U-ramides prepared from terephthalic 
acid, 1,4-cylcchexs.iiedimethanol and bis lp- 
aminocylcohexy ) methane and mixtures thereof . 



FROM CC PATENT .2FL 



(TUE) U6'Q1 10 :59/ST !0:56/NO. 4862791822 P 2 



PCT/US97/19403 



- 22 - 



14 . . The process of claim 1 wherein said 
acetaldehyde reducing additive is added in an amount 
between about O.L.sua S weight fr. 

15. The piccsiss of claim 1 wherein said 

5 acetaldehyde reducing additive is added in an amount 

* 

between abort 0.2 ^ud 3 weight % additive is added. 

16 . Th* process of claim 1 wherein said 
dicarboxylic acid cciispriees terephthalic acid and said 
glycol is a mixture cf about 60 to about S3 molk 

10 ethylene glyecj arid about 40 to about 1 mol% 
cyclohexaned inethan.:> I 

1?- The pvc>c^3£ of claim 2 wherein reacting and 
d*volarjLlj>ir:g & eps are conducted in a single piece of 
equipment , 

15 16 - The process of claim l wherein said 

acetaldehyde reducing additive is added to said 
po':y rater individually. 

■ * • ♦ 

• J'he process of claim 1 wherein said 
acetaldehyde reduci:. g additive ie added to said 
20 polyester as par,, y? a concentrate. 

20. The prjc«rti» of claim 1 wherein at least one 
toner is added tc said melt reacting step a) . 

21. Th* ttt.-.}';<ss« of claim 2 wherein said 
devolar.ilizmg is inducted at preseuies which are 

25 greater than *oout 2Snim Hg. 

2z. The pio^ess of claim 2 wherein said 
devolatiliziag as conducted at pressures which are near 
or at atmospiierv- p. assures. 

23 • The process of claim 2 wherein said 
30 devolatilizing is conducted at residence times short 

enough to insure that a substantial increase in I. v. is 
not achieved 

24. The process of claim 23 wherein said 
subfttant.ai >! -:rease is greater than about 0.1 dl/g. 
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25, The piocesr* of claim 23 wherein said 
substantial increase is greater than about 0.05 dl/g, 

2€ The process of claim 23 wherein said 
substantial increase is greater than about 0.03 dl/g. 

27, The process of claim 1 wherein said polyester 
has an acetald^hyde content of less than about 10 ppm. 

26 . An drticiae. which is formed according to the 
process of claim l selected from the group comprising 
molded, shaped and ey.icuded articles. 
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